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(54) Field emission display device using vertically-aligned carbon nanotubesand manufacturing 
method thereof 



(57) A field ennission display (TED) device using 
vertically aligned carbon nanotubes is provided. In this 
FED device, a nnetal filnn (32) for use as a cathode is 
formed on a lower substrate (30), and vertically-aligned 
carbon nanotubes (34) for use as emitter tips are 
formed on the metal film (32). Here, the carbon nano- 
tubes for use as emitter tips are obtained by vertically 



growing on catalytic metal particles by chemical vapor 
deposition after the catalytic metal particles are formed 
on the metal film, A spacer (36) is installed on the metal 
film (32), and an upper substrate (50), to which a trans- 
parent electrode and a fluorescent layer are attached, is 
formed on the spacer (36). 
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Description 

BACKGROUND iNVt\^^0\ 
1 . F-ield of the Invention 

[0001] The present invention -elates to a f elc enis- 
sicn display (t-=Di device ana a manutactunng methoa 
tnereof. ana more particularly, to an FEO :jevice using 
ve^ically-aligned carbon nano:uD9S, and a manufactur- 
ing method therecf. 

2. Description of the Related Art 

[0002] In general FCD dev ces. when a positive volt- 
age of scvcra: hunarcds of volts is cpp icd from an 
ex:erna! gate electrode :o a conic emitter :ip, electrons 
are emitted from the emitter tip affected by a strong 
electrc field, and the emitted electrons collide with ar 
anode to which several to several hundreas cf kilovolts 
are applied, and with an anode coaten with a fluores- 
cent material. In this way, the FFD devices perform a 
display function. However, in conventional FED devices 
us ng silicon emitter tips made by etching a silicon sub- 
strate, an anode and a cathode must be seoarated from 
eac:h other by a fsre interval of about 1 .C to 1 .5pm. Aiso. 
in conventional FED devices, leakage current is high, 
the reliability and performance are not high, and a man- 
ufacturing yield is low, due to a detericrat on of silicon 
tips caused by application cf significantly high operating 
votage and emission of h:gh current. An FED device 
us^ng carbon nanotubes has been proposed as an 
imorovement of FED devices using silicon tips. 
[0003] Conventional carbon nanotuoes are synthe^ 
sized by electrical discharging or laser deposition, ana 
put in a cleansing solution and shaken oy an ultrasonic 
washer to be purified, ^he purified carbon nanotubes 
are implanted into the pores of a porous ce-amic filter to 
be used in an FED device. Then, the carbon nanotubes 
contained in the pores of the porous cera'iiic fitter are 
stamped and stood upright on conductive polymer cn a 
lower substrate for an FED device, thereby forming 
emitter tips. 

[0004] The FED device using conventional nano 
tubes as emitter tips excels in stability cor )ared to an 
FED device using silicon tips. However, the FED device 
using conventional carbon nanotubes has a difficulty in 
efficiently standing carbon nanotubes on the conductive 
polymer, and its manufacturing method is complicated 
Thus, the FED device using conventional carbon nano- 
tubes has a low manufacturing yield, and cannot be 
manufactured to have a large area. Also, an electrically 
perfect interconnection is not made between the con- 
ductive polymer and canoon nanotubes on a substrate. 

SUM MARY OF. TH_E. INVENTION 



L'tr niar^L.tactu''ed to nave a large area, ana whic^ ^^rs a 

ig^^ aensity o* emrter t;ps pe-- i^Mit area 
[0006] Another object ot tne present mvefMun is to 
;:^^oviae a method of n'ar" jfactunng an FEE) device to 
rave a la^ge area cy a simpie manufacturing prc^cess 
[0007] I he first objec: ot the present invention is 
ac:nievea by a field em ssion display device in which a 
metal film for use as a cathode is formed on a lower sub- 
strate, and vemcally-aligned caroon nanotubes for use 
ai eniitttr tipt are formeu on ttie metal film Here, the 
carbon nanotubes for use as emitter tips are cotained 
t'V vertical y growing on catalytic metal particles by 
chemical vapor deposition after the catalytic metal par- 
ticles arc formed on the mcta film. A spacer s installed 
on the metal *ilm, and an upper substrate, to which a 
transparent electrode ard a fluorescent layer are 
attached, is formed on the spacer. 

.'i? [0008] The second object of the present invention IS 
achieved by a method cf manufacturing a ^leld emission 
display device, in which a metal film for use as a cath- 
ode s formed on a lower substrate, and carbon nano- 
tubes are vertically alignec and crov/n on the metal film. 
The verically-aligned and grown carbon nanotubes are 
obtained by forming a catalytic metal film on the metal 
film, forming isolated nano-sized catalytic metal parti- 
cles by etching the surface of the catalytic metal film, 
and vertically growing a caioon nanotube on each of the 

30 isolated catalytic metal particles using a chemical vapor 
deposition method using a carbon source gas. A ther- 
mal chemical vapor deposition method or a plasma 
enhanced chemical vapor deposition method can be 
used to form the catalytic metal particles and to grow 

35 carbon nanotubes. The carbon source gas can be an 
acetylene gas, an etnylene gas, a propylene gas, a pro- 
pane gas or a methane gas. The surface of the catalytic 
metal film can be etched by an ammonia gas, a hydro- 
gen gas or a hydride gas, or by a hydrogen fluoride solu- 

40 tion. The catalytic metal filrti can be formed of cooalt, 
nickel, iron, yttrium or an alloy of two or more cf these 
metals. Thereafter, a spacer is installed on the metal 
film, and then an upper substrate, to which a transpar- 
ent electrode and a fluorescent layer arc attached, is 

45 installed on the spacer. In this way, formation of the FED 
device is completed. 

[0009] An FED device using vertically-aligned car- 
bon nanotubes according to the present invention can 
have a nigh manufacturing yield and can be manufac- 
50 tured to have a large area, since it has a simple two- 
electrode structure. Also, the use of carbon nanotubes 
vertically algred well as emitter tips makes it possible 
to obtain a large amount of em ssion current at a low 
operating voltage. 

55 

BRIEF DESCRIPTION OF THE DRAVyiNGS 



[0005] To solve the above problems, an object of 



[0010] The above objectives and advantages o' the 
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present invertion will beccme more apparer^t by 
describing in detail a preferrea emt)cdimert thereof with 
reference to the attached arawings n which: 

FIG 1 IS a cross-sectional v ew of a field emission 
display (FED) device jsinq vertically-aligned car- 
bon nanotubes according to the present invention; 
FIGS. 2 and 3 a^e cross-sectional views illustrating 
a method of manufacturing tne FED Qevi:e of FIG. 
V 

FIGS. 4A through 4C are cross-sectional views 
illustrating a methoa of growing the carbon nano- 
tubeb of FiG. 3, 

FIG. 5 is a schematic view of a thermal chemical 
vapor deposition apparatus used to grow the car- 
bon nanotubes of FIG. 3; and 

FIG. 6 IS a view illustrating a mechanism of carbon 
nanotuDes growing on isolated catalytic metai parti- 
cles according to the present invention. 

DESC RiPILON. C F_IH E _P REFERRE D EM BOD IMEN T 

[0011] Hereinafter, an embodiment o^ the present 
invention w II be described in detail with reference to the 
attacned d'-awmcs. However, the embodiment of the 
present invention can be modified into various other 
forms, and the scope of the present invention must not 
be interpretea as being restricted to the described 
embodiment. This embodiment is provided to more 
completely explain the present invention to those skilled 
in the art. In the drawings) the thicknesses or sizes of 
layers or regions are exaggerated for clarity. Like refer- 
ence numerals in the drawings denote the same mem- 
bers. Also, when it is wntten that a layer is formed "on" 
another layer or a substrate, the layer can be formed 
directly on the other layer or the substrate, or other lay- 
ers can intervene therebetween. 

[0012] Referring to FIG. 1, a field emission display 
(FED) device using vertically-aligned carbon nanotubes 
according to tlie present invention has a metal film 32 
for use as a cathode formed on a iower substrate 30. 
The lower substrate 30 is formed of glass, quartz, sili- 
con or alumina (AI2O3). The metal film 32 is formed of 
chrome, titanium, tungsten or aluminum. Vertically 
aligned ca^oon nanotubes 34 are forn^ed on the metal 
film 32 to serve as emitter tips. The vertically-aligned 
carbon nanotubes 34 can ootain a great amount of 
emission current at a low operating voltage for exam- 
ple, at 3\//|im or less Also, the vertically-aligned carbon 
nanotubes 34 can generate high luminous efficiency 
since they nave a high density of tios per unit area. A 
spacer 36 is formed on the metal film 32. An upper sub- 
strate 50, to whicn a transparent electrode 52 and a flu- 
orescent laye-- 54 are attacned, is provided on the 
spacer 56. 

[0013] n The FED device having such a structure, 
ar electric fie d is app'ied between the metal film 32 
serving as a cathode a'id the transparent electrode 52 



serving as an anode, so that elec:trons are emitted from 
the vertica ly-aligned carbon narotLbes 34. The emitted 
electrons coll de with the fluorescent layer 54, so tfiat 
the \ LJ device having such a structure emits red, 
green ana blue lignt. Consequently, the FED aevice 
according to the present invention is a two-eieclroae 
FED device. 

[0014] FIGS 2 and 3 are cross-seciionai views 
Illustrating a methoa of manufacturing the FED device of 
FtG. 1 . Referring to FIG. 2, the metal film 32 serving as 
a cathode is formed to a thickness of 0.2 to 0.5 pm on 
the wide lower substrate 30. The lower substrate 30 is 
fQr-.-[-jg^ Qf gjass^ quartz, silicon or alumina (.AL1O3'* The 
metai fnm 32 is formed of chrome, titanium, tungsten or 
aluminum. 

[0015] Referring to FIG. 3, carbon nanotubes 34 
are vertically aligned and grown on the metal film 32. To 
be more specific, a catalytic metal film mot shown) is 
formed on the metal film 32, and then independently- 
isolated nano-sized catalytic metal particles (not snown) 
are formed by etching the surface of the catalytic metal 
film using a dry or wet etching method. Thereafter, a 
plurality of carbon nanotubes 34 are vertically grown on 
the catalytic metal particles by thermal chemical vapor 
deposition or plasma enhanced chemical vapor deposi- 
tion. The carbon nanotubes can be grown by patterning 
the metal film 32 and a catalytic metal film in a fine line 
pattern and then etching the surface of the patterned 
catalytic metal film. The carbon nanotubes 34 are used 
as emitter tips, and can form several emitter tips per 
pixel, so that a great amount of emission current can be 
obtained at a low operating voltage. A method of verti- 
cally growing the carbon nanotubes 34 will be deschbed 
in detail later. 

[0016] Referring back to FIG. 1, a spacer 36 is 
formed on the metai film 32 to a thickness of 1 00 to 700 
|nm. After the transparent electrode 52 serving as an 
anode is formed on the upper substrate 50, a fluores- 
cent layer 54, which emit light, are attached to the trans- 
parent electrode 52. The upper substrate 50 is formed 
of glass, and the transparent electrode can be an 
indium tin oxide (ITO) electrode. The fluorescent layer 
54 is formed of three types of materials that emit red, 
green and blue light. Thereafter, the upper substrate 50, 
to whicn the transparent electrode 52 and the fluores- 
cent layer 54 are attached, is turned upside down and 
put on the spacer 36, and then vacuum-sealed and 
mounted, thereby completing the formation of the FED 
device 

[0017] Hereinafter, a method of verticaHy growing 
carbon nanotubes will oe described in detail with refer- 
ence to FIGS. 4 th'-ough 6. FIGS. 4A through 40 are 
cross-sectional views for tlustrating a method of grow- 
ing the caioon nanotubes of FIG. 3. FIG. 5 is a sche- 
matic view of a therma cnemical vapor deposittcn 
apparatus used to g-ow the carbon nanotubes o* FIG. 3. 
F:G. 6 !3 a view i lustratinc a mechanism of carbon nan- 
otubes growing on isolated catalytic metal particles 
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[0018] The ve^tically-grDW'i carbon nar^olLbes 34 of 
- IG 3 ai^e ^or^^ea by t^^''ee sTep.-. as snow i-^ F GS 
'hrougn 4C ^-irs:. a? ?ncw^" m ^''G 4A. a cataiyt-c nneta 
33 IS forrriea or- t^e me'ai filPi 32 ^ne catalytic 
metal film 33 is formed of cobalt, nickel, iron, yttrium, or 
ar^ aiioy ct two or mere materials among these materials 
■for examp-le. cobaii-mckel cooatt-iron coDalt-yrtrium 
nickel-ircn. cobalt-nicke -iron, or cobalt-nicKel-yttrium) 
The catalytic metal fi m 33 is formeo on a substrate 32 
*u a thickr ess of se\/eral to several tundreds of run 
preferably, to a thickness of 20 to 200nm, by therma 
deoositicn, electron beam oeposition o" sputter ng 
Then, as shown in FIG. 4E, independently-isolateo 
nario sizea catalytic mc:al oarticlos 33a are formca by 
etching tnc surface o* the catalytic metal film 33, 
[0019] To t)e more specific, substrates 30, on each 
of which the metal film 32 and the ca*alytic metal *ilm 35 
are formed are installed in paral el 3n a coat 310 of a 
thermal chemic:al vapor deposition apparatus, isolated a 
predetermined distance apart from each other Then 
the boat 310 having the substrates 30 is loaded into a 
reaction furnace 300 of tne thermal cnemical vapor dep- 
os tion apparatus. Here, the ooat 310 is loaded in a 
state where the surface 1 30 of the catalytic metal film 33 
formed on eacn o^ the substrates 3C faces down in the 
direction opposite to a direction 315 of injection of an 
etch gas, Afte^ the boat 310 is loaded, the pressure 
within the reaction furnace 300 is set to be several hun- 
dreds of mTorr to several Torr, and tne temperature 
within the reaction furnace 300 is increased to 700 to 
1 000 ''C using a resistance coit 330 installed around the 
outer wall of the reaction furnace 300. When the tem- 
perature within the reaction furnace 300 reaches a 
process temperature, a first valve 41 0 is opened, and an 
etch gas is supoded from an etch gas supply source 40C 
to the reaction furnace 300 via a gas supply pipe 320. 
The etch gas can be an ammonia gas, a hydrogen gas 
or a hydride gas. but the use of an ammoma gas as the 
etch gas is preferable. When an ammonia gas is used, 
it is supplied at a flow rate of 80 to 400 seem for 1 0 to 30 
minutes, 

[0020] The etch gas supplied into the reaction fur- 
nace 300 etches the catalytic meta film 33 al ng the 
grain bounaary, thereby densely and uniformly forming 
'pendently-iso ated rano-sized catalytic metal parti- 
cles 33a The term nano size m this specification indi- 
cates a size of several to several hundreds of nm The 
size and shape of isolateo nanc-sized catalytic metai 
particles 33a depend on etching conditions. The shape 
of carbon nanotubes 34 to be formed in a subsequent 
process is affected by the shape of the catalytic metal 
particles 33a. In this embodiment, the catalytic meta 
particles 33a are formea to a size of 200nm c snal:er. 
[0021] Thereafter, a carbon source gas is supplieo 
to the thermal chemical vapor deposition apparatus tc 
grow the carbon narotubes 34. as shown in FIG, 40 



s^c^c 0* torfTun^j tn^ nano-siZcJ cata.yti: r^ieta ;ja^ticies 
33a can be pertDrmed in situ To more specific the 
* 'St valve 4 1 ( J Qt ^ b 'S turned o"^ to ^^^-event tne sup- 
y an am^io-iT-i g£s. ana a seco^^a va ve 4bu is 
\..mea on to sjppiy a carbon sou^'ce gas *rom a carbon 
source gas supply source 450 lo trie reaction furnace 
300 Via the yas t upply pipt; 320. Ttit^ te': tperature withn 
tf^e reaction furnace 300 must fefiiam at 700 to 1 000 C. 
'he temperature at which the isclateo naro-sizea cata- 

ytic metal particles 33e are formed The carbon soj^ce 
gas is supplied at a flow rate of 20 to 200 seem for 10 to 
60 minutes The carbon source gas prcvides cart>on 
a'oms. and can be any gas if it can be decomoosed at a 

cw temoerature P-eferably, a hydrocarbon gas of to 
G is used as the carbon source gas More preferably, 
the carbon soLjrc:e gas can be an acety ene gas, an eth- 
ylene gas, a propylene gas, a p-'opane gas or a meth- 
ane gas. 

[0022] !n order to contrcl the speea and time of 
growth of carbon nanotubes, a earner gas (an inert gas 
such as hydrogen or argon gas) and/or a dilutea gas (a 
hydride gas) can be supplied from a carrier or diluted 
gas supply source 480 to tne reaction furnace 300 via a 
third valve 490 ooened, together with a carbon source 
gas. Also, an etch gas (for example an ammonia gas, a 
hydrogen gas or a hydride gas) can be supplied 
together with a carbon source gas in an appropriate 
ratio in order to control the density and growth snape of 
carbon nanotubes. Preferably, the volume rato of a car- 
bon source gas to an etch gas is 2 i to 3:1 . 
[0023] As shown in FIG. 6, when a carbon source 
gas (for example, acetylene gas iC^H.,)), which has 
been supplied into the reaction furnace 300 of the ther- 
mal chemical vapor deposition apparatus, is decom- 
posed in a gas phase by pyrolysis, and forms free 
hydrogen {^2) ^"^^ carbon un;ts (C=C or C), the carbon 
units are adsorbed and diffused into the surface of the 
catalytic metal particles 33a and then dissolved therein. 
When the carbon units are diffused into and accumu- 
lated within the catalytic metal particles 33a, carbon 
nanotubes 34 start growing. When carbon units are 
continuously supplied, the carbon nanotubes 34 are 
grown in bamboo shapes by the catalytic action of the 
catal/tic metal particles 33a. When the catalytic metal 
particles 33a are round or blunt, the end of a carbon 
nanotube 34 is also round or blunt. Though not shown in 
the drawings, when the end of each nano-sized catalytic 
metal particle 33a is sharp-pointed each carbon nano- 
tube also has a sharp-pointed end. 
[0024] In the present invention, catalytic metal par- 
ticles 33a, which are suitable for the growth of carbon 
nanotubes 34, are independently isolated from other 
neighboring oarticles without being agglomerated 
therewith, so that no amorphous carbon agglomerates 
are formed during formation of carbon nanotubes. 
Hence, nighly-pure carbon nanotubes 34 can be formed 
to be vertically al gned on a substrate 30. Also, the size 
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of catalytic meta particles 33a can be cortrolled by 
changing tne corditions of etching us ng an etch gas 
;that IS, an ammonia gas). For example, the gas flow 
^a:e. trie etching ten-pe-ature and the etching time can 
be adjusted, so that the diameter of carbon nanotubes 
.3^ c an be easily controlled. Furtnermore, the length of 
:rie carbon nanotubes 34 can also be ciatiily conlrolied 
by changing the conditions of supply ot a carDon source 
gas for example, the gas t ow rate, The etching tem^^er- 
ature and the etching time. 

[0025] m tnis embodimeni, isolated nano-sized cat- 
alytic metal particles 33a are formed by dry etching 



usinc the thcrrmal cherTii' 



vSpor dsL 



of n3. 5. However, the isolated nano-s,zed catalytic 
meta particles 35a can be formed by wet etching. That 
is, a substrate 30, on which a catalytic metal film 33 is 
formed, can be aipped into a wet etching solution, for 
example, a hvdrogen ^luoride (HF) solution, thereby 
forming isolated nano-sized catalytic metal particles 
33a Here, the wet etching process used to form iso- 
lated nano-sized catalytic metal particles 33a can be 
performed at a low temperature. 

[0026] This embodiment takes a horizontal thermal 
chemical vapor deposition (TCVD) apparatus as an 
example to grow the catalytic metal particles 33a and 
the carbon nanotubes. However, a vertical TCVD appa- 
ratus, an in-line TCVD apparatus, and a conveyer-type 
TCVD apparatus can also be used. Furthermore, a 
plasma CVD (PCVD) apparatus can be used instead of 
the horizontal TCVD apparatus. When a PCVD is used, 
etching can be performea at a low temperature, and 
control of reaction is easy 

[0027] An FED device using vertically-aligned car- 
bon nanotubes according to the present invention as 
described above, is a two-electrode FED device having 
a simple structure, so that it can increase a nnanufactur- 
ing yield and can De manufactured to have a large area. 
[0028] Also, since the ^ED device according to the 
present invention uses vertically well-aligned carbon 
nanotubes as emitter tips, a great amount of emission 
current can be obtained at a low operating voltage, for 
example, at 3V/|.im or less. Furthermore, the FED 
device according to the present invention provides 
excellent luminous elticiency ana high reliability since it 
has 3 high density of tips per unit area. 

Claims 



2. A field emission display device as claimed in claim 
1 wherein the lower substrate is formed cf glass, 
quartz, siliccn cr a;umtn& ( AI^O;^). 

3. A field emission display device as claimed in claim 
1 or 2 wherein the meta^ film is formed of chrome, 
titanium, tungsten or aluminum. 

4. A tela emission display device as claimed in any 
preceding ciaim wherein catalytic metal particles 
are formed on the metal film and then the carbcn 
nanotubes for use as emitter tips are grown on tf-'e 
catalytic meta! particles by chemical vapor deposi- 
tion. 

5. A method for manufacturing a field emission display 
device comprising: 

forming a metal film for use as a cathode on a 
lower substrate; 

vertically aligning and growing carbon nano- 
tubes on the metal film; 
installing a spacer on the metal film; and 
installing on the spacer an upper substrate to 
which a transparent electrode and a fluores- 
cent material are attached. 

6. A method as claimed in claim 5 wherein the lower 
substrate is formed of glass, quartz, silicon or alu- 
mina (AI2O3). 

7. A method as claimed in claim 5 or 6 wherein the 
metal film is formed of chrome, titanium, tungsten 
or aluminum. 

8. A method as claimed in any ot claims 5 to 7 wherein 
the step of vertically aligning and growing the car- 
bon nanotubes comprises: 

forming a catalytic metal film on the metal film; 
forming isolated nano-s^zed catalytic metal par- 
ticles by etching the surface of the catalytic 
metal film; and 

vertically growing a carbon nanotube for use as 
an emitter tip on each of the isolated catalv^jc 
metal particles using a chemical vapor deposi- 
tion method using a carbon source gas. 



1. A field emission display device comprising- 

a metal film for use as a cathode formed on a 
lower substrate: 

carbon nanotubes for use as emitter tips being 
vertically aligned on the metal film: 
a spacer installed on the metal film; and 
an upper substrate formed on tne spacer to 
which a transparent electrode and a fluores- 
cent layer are attached 



9. A metnod as claimed in claim B wherein a thermal 
50 chemical vapor deposit'on method or a plasma 

chemical vapor deposition method is used to form 
the catalytic metal particles and to grow carbcn 
nanotubes. 

55 10. A method as c^aimeo in claimt 8 or 9 wherein the 
carbon source gas is a gas selected from the group 
consisting of an acetylene gas. an ethylene gas, a 
propylene gas, a propane gas ana a methane gas. 
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11. A '^^er^-cj a; c^a'^^^ea '-'^ a'-y : a '^^s c :^ ^ [ 
\.\'^e'e :''e s^-lace of t^^e cata.y: j '"^e:a ' ,s 
e:cnea oy a gas seieciea trorn tn^ group cor^sisang 
0' a^ aniTTionia cas. a nycogen gas ana a ^-yo^ ad- 
gas, or o\' a rvarogen tiuciae so-uTion 

12. A meinoa as claimed in any dt cia ms 8 lo i i 
ahereir the catalytic rrela'' V\\m is tcfiied ot coL'alt 
n cKe-.. ron. yttrium or an aiioy of two O" n'o^^ of 
these metals. 
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